In this paper, we provide many new general transformations for multiple hypergeometric functions. These transformations can be viewed as generalizations of some of those obtained recently by Wei et al. (Adv. Differ. Equ. 2013:360, 2013. We obtain these transformations by using the fractional calculus method which is a more general method than the beta integral method. MSC: 26A33; 33C20; 33C05
Introduction
The largely investigated generalized hypergeometric function p F q with p numerator parameters a  , . . . , a p such that a j ∈ C (j = , . . . Pochhammer symbol ((H h )) n = (H  ) n (H  ) n · · · (H h ) n . Then the generalized version of the Kampé de Fériet function is defined as follows:
For the numerous conditions of convergence for this function, the reader is referred to [] . Some special cases of hypergeometric function of two variables are the Appell functions [, -] defined as
Other interesting special cases of hypergeometric functions of two variables are Horn's functions G  and G  studied in [, ] and defined as follows:
For the purpose of this work, we need to introduce Srivastava's triple hypergeometric series 
where, for convenience, 
Recently, many authors [-] obtained several transformations formulas involving hypergeometric functions as well as their multi-variable analogs by using the so-called beta integral method. The beta function B(α, β) is defined by the following integral representation:
The so-called beta integral method consists essentially of integral from  to  expressions which contain terms in the form z a ( -z) b to obtain new transformations formulas.
The aim of this paper is to present many new general transformations for multiple hypergeometric functions. These transformations can be viewed as generalizations of some of those obtained recently by Wei et al. [] . All these transformations are obtained by using a fractional calculus operator based on the Pochhammer contour integral. In Section , we give the representation of the fractional derivatives based on the Pochhammer contour of integration. Section  is devoted to the fractional calculus operator z O α β introduced by Tremblay [] . Finally, in Section , we present the several transformations involving multi-variable hypergeometric functions.
Pochhammer contour integral representation for fractional derivative and a new generalized Leibniz rule
The use of a contour of integration in the complex plane provides a very powerful tool in both classical and fractional calculus. The most familiar representation for fractional
which is valid for Re(α) < , Re(p) >  and where the integration is done along a straight line from  to z in the ξ -plane. By integrating by parts m times, we obtain
This allows one to modify the restriction Re Definition . Let f (z) be analytic in a simply connected region R. Let g(z) be regular and univalent on R and let g - () be an interior point of R. Then if α is not a negative integer, p is not an integer, and z is in R -{g - ()}, we define the fractional derivative of
For non-integer α and p, the functions g(ξ ) p and (g(ξ ) -g(z)) -α- in the integrand have two branch lines which begin, respectively, at ξ = z and ξ = g - (), and both pass through the point ξ = a without crossing the Pochhammer contour Remark . In Definition ., the function f (z) must be analytic at ξ = g - (). However, it is interesting to note here that we could also allow f (z) to have an essential singularity at ξ = g - (), and Equation (.) would still be valid. It is well known that [, p., Equation (.)]
but adopting the Pochhammer-based representation for the fractional derivative this last restriction becomes p not a negative integer. 
We choose to simply list them since the proofs are readily obtainable.
It is worthy to mention that operator z O α β has a lot more interesting properties and applications. Tremblay introduced this operator in order to deal with special functions more efficiently and to facilitate the obtention of new relations such as hypergeometric transformations. http://www.advancesindifferenceequations.com/content/2014/1/126
For this work, the most important property of the operator z O α β is given by the following relation:
This relation shows, in fact, that the so-called beta integral method consists in a fractional derivative evaluated at the point z = .
Main results
In this section, we apply the fractional calculus operator z O α β to certain transformations involving multi-variable hypergeometric functions in order to obtain new transformations more general than those obtained by means of the beta integral method. Many special cases are also computed. 
By making the substitutions x → z and y → w -z in (.), we obtain
Next, we apply the fractional calculus operator z O α β on both sides of (.) with w = z after operation. We thus have for the l.h.s.: We obtain for the r.h.s.: 
gives the result. 
holds true. http://www.advancesindifferenceequations.com/content/2014/1/126
Proof Beginning with the following transformation formula [, Eq. ()] with x = y = z:
and applying the operator z O α β on both sides of (.), we get for the l.h.s.
and for the r.h.s.
Rewriting (.) into the form of (.) leads to the desired result. 
With the help of the well-known Bailey summation theorem []:
the result follows easily after simple calculations. 
holds true.
Proof Considering the transformation formula [, Eq. ()] Theorem . The following transformation:
Proof We start from the following transformation formula between the Appell function F  and the Horn function G  [, Eq. (.)] with x → -x and y → -x:
Applying the operator x O a b on both sides of (.) in a similar way as in the proofs of the previous theorems gives the result.
If we set x =  in Theorem ., we obtain the following corollary which has been given by Wei et 
Proof Making the following substitutions:
Summing the hypergeometric function  F  in the left member of (.) with the help of the Gauss summation formula (.) gives the result. 
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